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This study investigated the occurrence of the protozoan Perkinsus in the oyster Crassostrea rhizophorae on
the coast of Bahia State, Brazil. The oysters (n = 900) were collected in February–March and July–August
2010. The Ray’s ﬂuid thioglycollate medium (RFTM) analysis of gills and rectum revealed hypnospores of
Perkinsus sp. with a high mean prevalence (63%). The infection intensity varied from very light to
advanced. The polymerase chain reaction conﬁrmed Perkinsus in 87.2% of the RFTM-positive oysters.
Histological analysis showed trophozoites and schizonts phagocytized by hemocytes, mainly in the intes-
tine and the stomach epithelium.
 2012 Elsevier Inc. Open access under the Elsevier OA license.1. Introduction
Protozoan parasites can signiﬁcantly impair the health of natural
and cultivated populations of bivalves (Bower et al., 1994).
Perkinsiosis is a disease caused by protozoa of the genus Perkinsus,
comprising six species currently considered valid: P. marinus;
P. olseni (=P. atlanticus), which can cause mass mortalities; and
P. chesapeaki (=P. andrewsi); P. mediterraneus, P. honshuensis and
P. beihaiensis (Villalba et al., 2004; Choi and Park, 2010). The oyster
Crassostrea rhizophorae proved to be susceptible to artiﬁcial infec-
tion with P. marinus (Bushek et al., 2002).
Until recently the only record of a representative of the genus
Perkinsus in waters close to Brazil was P. olseni infecting the bivalve
Pitar rostrata in Uruguay (Cremonte et al., 2005). In Brazil, Sabry
et al. (2009) recorded the ﬁrst case of Perkinsus infecting the oyster
C. rhizophorae from the coast of Ceará State, which revealed a close
molecular identity with P. beihaiensis. The authors did not ﬁnd
Perkinsus in the same oyster species from Santa Catarina State,
southern Brazil; this state is the largest producer of the Japanese
oyster C. gigas in Brazil, and is located close to Uruguay. In addition,
da Silva et al. (2012; in preparation) have recently reported Perkin-
sus spp. in oysters C. gasar (=C. brasiliana) from Sergipe State,
northeast Brazil.hs).
evier OA license.Considering the wide geographic distribution of C. rhizophorae,
including the entire Brazilian coast (Rios, 2009), the reports of
Perkinsus sp. infecting this oyster species in the northeastern re-
gion of Brazil, and the increasing interest in oyster farming in Bahia
State, this study investigated the presence and impact of the proto-
zoan Perkinsus sp. on the oyster C. rhizophorae in this region.2. Materials and methods
Sampling of C. rhizophorae was carried out at two sites in the
Maraú River estuary: MA-I (135709600S; 390000300W) and MA-II
(140605500S; 390200800W); and one site in the Graciosa River estu-
ary: GRA (132807600S; 390505600W) (Fig. 1). Oysters were collected
(n = 150/site) in two seasons of the year 2010, summer (February–
March) and winter (July–August). Water temperature and salinity
were recorded in each day of sampling.
Gills and rectumof each oyster (n = 900)were removed and incu-
bated in Ray’s ﬂuid thioglycollatemedium (RFTM), with added pen-
icillin (100 U/ml), streptomycin (100 lg/ml) and nystatin (100 U/
ml) antibiotics (Ray, 1966). The tissues were incubated for seven
days in the dark at room temperature. Subsequently the tissue frag-
ments were macerated with a scalpel, stained with Lugol’s solution
and observed under a light microscope for the presence of Perkinsus
sp. hypnospores. The infection intensity was determined by count-
ing the hypnospores and classifying the oysters into four levels (very
light, light, moderate and advanced) of infection intensity according
Fig. 1. Map of Brazil showing the northeastern region and indicating the sampling localities on the southern coast of Bahia.
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The prevalence of Perkinsus sp. was calculated as the percentage of
infected oysters at each site and season.
Gill samples from each oyster were preserved in 95% ethanol for
PCR. 12 oysters from each level of Perkinsus sp. infection, except le-
vel 4 (eight oysters) and non-infected oysters were submitted to
PCR. Brieﬂy, one 25–90 mg subsample of gill tissue was removed
from the ethanol, and total DNA was extracted with DNAzol (Invit-
rogen) reagent according to the manufacturer’s instructions. PCR
reactions were performed using the primer pair PerkITS 85/750
(Casas et al., 2002) that hybridize speciﬁcally in conserved regions
of the internal transcribed spacers (ITS1 and 2) and the 5.8S region
of the ribosomal RNA gene complex (rRNA), exclusively for mem-
bers of the genus Perkinsus (except for P. qugwadi). The positive
control of the PCR reaction was DNA obtained from P. olseni. Ampli-
ﬁcations were performed with 100–200 ng of genomic DNA in 25-
ll reactions, using reaction conditions according to Sabry et al.
(2009). Cycling parameters were as follows: denaturing at 94 C
for 10 min; 35 cycles (94 C for 1 min, 58 C for 1 min and 72 C
for 1 min), and a ﬁnal extension at 72 C for 10 min.
Thirty oysters per site and season (n = 180) were randomly se-
lected for histopathological analysis. Brieﬂy, a diagonal section
5 mm thick was removed and ﬁxed in Davidson’s solution (Shaw
and Battle, 1957) for 24 h. The tissues were prepared according
to conventional histology technique and stained with Mayer’s
hematoxylin and eosin (Howard et al., 2004). The histological sec-
tions were analyzed under a light microscope for the presence of
Perkinsus sp. cells, tissue injury and host defense reactions.
3. Results
In infected oysters, the tissues incubated in RFTM showed
hypnospores of Perkinsus sp., which were spherical cells with adiameter of 5–70 lm, stained black or bluish-black with
lugol. Oysters from all three sites were infected with Perkinsus
sp., resulting in a mean overall prevalence of 63%, and mean
prevalences of 66.7% in summer and 59.3% in winter. The local
prevalence of infection varied (MA-I: 65%; MA-II: 89.3% and
GRA: 34.7%). Infection intensities showed the same pattern as
prevalence (Table 1).
The PCR analysis produced amplicons of the expected size
(700 bp) in 36 (85.7%) of the 42 RFTM-positive samples analyzed,
and detected 3 of the 12 RFTM-negative samples. PCR was more
effective in conﬁrming the cases of moderate (91.7%) and advanced
(100%) infections, than the light (83.3%) and very light (75%)
infections.
Trophozoites of Perkinsus sp. were identiﬁed in oyster tissues
from all three sites and both seasons of the year. The most inten-
sely infected organs were the intestine and the stomach, but the
secondary tubules of the digestive gland and esophagus were also
sporadically infected. Parasite cells were not observed in the gills.
The trophozoites, generally 1–3, were found mostly in phagocytic
hemocytes inﬁltrating the epithelium of these organs (Fig. 2A).
The trophozoites were spherical and measured 5–7 lm in diame-
ter; they had a vacuole occupying most of the cytoplasm, an eccen-
tric nucleus, and a patent nucleolus (Fig. 2B). Schizonts were also
observed (Fig. 2A and C). The trophozoites often appeared necrotic,
with loss of color of the nucleus (Fig. 2A), and in other cases with
signs of pyknosis and cytoplasmic acidophilia. Most oysters
showed a very low degree of tissue infection and no changes in
the structure of affected organs, except on three occasions in which
moderate hemocytic inﬁltration of the connective tissue and swell-
ing of the intestinal epithelium due to the presence of several inﬁl-
trated infected hemocytes were observed (Fig. 2A). The rate of
detection of Perkinsus sp. by histology was very low, 38.5% of
RFTM-positive oysters.
Table 1
Prevalence (%) and mean intensity of the infection (1–4) by Perkinsus sp., obtained by RFTM, in oysters Crassostrea rhizophorae from natural populations in the estuaries of the
Maraú River (MA-I and MA-II) and Graciosa River (GRA), southern coast of Bahia, Brazil, collected in summer and winter 2010. n: number of oysters analyzed. Mean (±SD) of the
height of the oysters (n = 30).
Station Summer Winter
Locality MA-I n = 150 MA-II n = 150 GRA n = 150 MA-I n = 150 MA-II n = 150 GRA n = 150
Height (mm) 54.1 ± 5.7 50.7 ± 6.2 57.5 ± 10.2 57.7 ± 7.7 52.0 ± 4.9 71.1 ± 7.6
T (C) 31 30 30 23 24 23
S (‰) 29 28 29 31 24 0
Prevalence 65.3 86.7 48 64.7 92.0 21.3
Infection intensity (1–4) 2.29 ± 0.93 2.34 ± 0.89 1.40 ± 0.62 1.74 ± 0.88 2.56 ± 0.83 1.33 ± 0.64
Fig. 2. Histological section showing Perkinsus sp. infecting Crassostrea rhizophorae. (A) Perkinsus sp. infecting the intestinal epithelium, showing an intense inﬁltration of
hemocytes possibly phagocytizing trophozoites (arrows) and schizonts (arrowhead) of the parasite, and some trophozoites with loss of coloration due to necrosis (white
arrows). Bar = 20 lm. (B) Trophozoite showing a typical signet-ring appearance, a large vacuole (v), and an eccentric nucleus with prominent nucleolus (arrowhead).
Bar = 10 lm. (C) Perkinsus sp. schizont (arrow) containing small daughter cells. Bar = 10 lm. Mayer hematoxylin and eosin.
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High prevalence and infection intensities of Perkinsus sp. were
observed in C. rhizophorae in this study, mainly at the two sites
in the Maraú River estuary (MA-I and MA-II). The lowest infection
prevalence and intensity were found in the Graciosa River estuary
(GRA), which also had the lowest salinities (Table 1). Over a one-
year period, salinity usually varied from 25–35‰ at MA-I; 15–
25‰ at MA-II (Lenz and Boehs, 2011); and from 10–25‰ at GRA
(unpublished data).
The prevalence and intensity of infection did not vary season-
ally at any locality. In Bahia, winter (June–September) is character-
ized by periods of heavier rain with slightly lower temperatures.
However, differences in abiotic factors (salinity and temperature)
arising from the climate were not sufﬁcient to alter the parasite-
host relationship, because the infection dynamics remained stable
in both seasons in these estuaries. However, the lower prevalence
and infection intensity found in GRA suggest a negative association
between Perkinsiosis and salinity. Infection by P. marinus in the
American oyster C. virginica is strongly related to temperature
and salinity increases (Burreson and Ragone-Calvo, 1996). Accord-
ing to the authors, in the Chesapeake Bay (USA) the host shows the
infection from 20 C, reaching its infection peak after the period of
high temperatures; when salinity is lower than 9‰, the infection
remains in the host for long periods without spreading or causing
injury, but when salinity exceeds 15‰ the disease spreads rapidly
and causes mortality. A similar relationship to temperature was
observed in P. olseni (Villalba et al., 2005).
In Brazil, few studies on Perkinsus have been carried out up to
the present, and no data are available for comparison. Sabry et al.(2009) reported low prevalences (5.3–6.7%) and intensities of P.
beihaiensis infecting C. rhizophorae on the Ceará coast, in an area lo-
cated about 1500 km north of the region of the present study, and
where the climate is warmer than in Bahia, making any association
with temperature unlikely. It is also possible that the species of
Perkinsus that affects the oysters in Bahia is different from P. beihai-
ensis, and in this case, different infection dynamics would be ex-
pected. Conversely, da Silva et al. (in preparation) reported high
prevalences of Perkinsus sp. and wide seasonal variations in an-
other species of oyster, C. gasar (=C. brasiliana), from the coast of
Sergipe, Bahia’s neighboring state (480 km to the north).
In this study, despite the observed high prevalence and inten-
sity of Perkinsus sp., the oysters showed very slight tissue damage.
The parasite cells were found mainly in the digestive epithelia of
the stomach and intestine, which probably function as barriers to
prevent the parasite from dispersing. At these sites, trophozoites
and schizonts are found, apparently, phagocytosed by inﬁltrated
hemocytes. These were also observed by Sabry et al. (2009) in C.
rhizophorae infected by P. beihaiensis.
In conclusion, this study provides the ﬁrst report of the proto-
zoa Perkinsus sp. infecting the oyster C. rhizophorae on the coast
of Bahia, with a high prevalence but not compromising the oysters’
health. This is an initial step toward understanding Perkinsiosis in
oysters in Brazil, and more studies are being carried out to clarify
aspects of the species of Perkinsus at issue.
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